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Description 

This invention relates to a device for applying a brak- 
ing torque to a rotary shaft in the event of an axial load 
thereon which exceeds a predetermined level. 

In particular a device according to the invention is 
intended for use in conjunction with a shaft which forms 
part of a linear to rotary converter, such that an increase 
in torque load on the shaft will result in a corresponding 
increase in axial load on the shaft. 

In a particular embodiment the device of the inven- 
tion may form part of an actuator for operating a varia- 
ble-area nozzle or for deploying and stowing the thrust 
reversers of a gas turbine engine. Such an actuator is 
shown in US Patent 3621763 and includes a threaded 
rod which engages a thread on an output element of the 
actuator. The rod therefore rotates as the output element 
moves linearly. The threaded rod is drivingly connected 
to similar rods in other actuators for a single thrust re- 
versing element, and the arrangement is intended to en- 
sure that all of the actuators move in unison. The driving 
connection is usually in the form of worm and wheel gear- 
ing associated with each actuator, and a flexible cable 
which interconnects the worm elements of the respective 
actuators. 

The torque load on the threaded rods and the cable 
is, in normal use, very small. In the event of seizure of 
an actuator, or of a part driven thereby, a considerably 
higher torque will be applied from the threaded rods of 
the remaining actuators to the seized actuator, by way 
of the aforesaid driving connection. It is an object of the 
invention to limit the torque which can be applied to the 
driving connection in the event of seizure, and thereby 
to permit a reduction in the dimensions and weight of that 
connection. 

In the aforesaid particular embodiment the threaded 
rod, adjacent a driving connection to corresponding rods 
in other actuators, is supported in a housing by at least 
one deep groove journal ball bearing whose inner and 
outer races are given an initial relative axial displace- 
ment to take up axial clearance in the bearing in a direc- 
tion of relative movement between said races resulting 
from an axial load on said threaded rod. An axial load on 
said rod tending to increase said relative displacement 
will result in elastic deformation of the components of the 
bearing. At a predetermined level of that elastic defor- 
mation a first part mounted on the rod for rotation there- 
with engages a second part fixed to the housing, that en- 
gagement applying a braking torque to the threaded rod. 

According to the invention there is provided a device 
for applying a braking torque to a shaft in response to a 
predetermined level of axial load on said shaft, compris- 
ing a housing, a single row, deep-groove, radial ball bear- 
ing whose inner race is fixed to said shaft and whose 
outer race engages said housing, said bearing having a 
diametral clearance which will permit an axial displace- 
ment between its inner and outer races, said housing 
having an abutment face which maintains the outer race 



of said bearing in an initial position which is axially dis- 
placed relative to the inner race, by an amount sufficient 
to take up axial play which results from said diametral 
clearance, characterised by an abutment element which 
5 is axially fixed with respect to said inner race and can 
coact with a fixed part on said housing as a result of in- 
crease of said axial displacement of said inner race. 

In a preferred embodiment said fixed part on said 
housing is said outer race. 
10 A particular embodiment includes first and second 
ones of said bearings whose inner races are mounted 
on said shaft at a fixed axial spacing and whose outer 
races engage said housing, said housing having two 
abutment faces which maintain the outer races of said 
15 first and second bearings in initial positions which are 
axially displaced in respective opposite directions rela- 
tive to their inner races by amounts sufficient to take up 
axial play resulting from said diametral clearances, and 
first and second abutment elements which are fixed rel- 
20 ative to respective ones of said inner races and can re- 
spectively coact with fixed parts on said housing as a 
result of increase of axial displacement of respective 
ones of said inner races from said initial positions. 

An embodiment of the invention will now be de- 
25 scribed by way of example only, and with reference to 
the accompanying drawings in which: - 

Figure 1 shows, diagrammatically, the arrangement 
of a plurality of linear actuators about the axis of a 
30 gas turbine engine, 

Figure 2 is a longitudinal section on line 2-2 in Figure 
1 , through one end of an actuator, 

35 Figure 3 is a view to an enlarged scale of part of Fig- 
ure 2, showing initial take-up of axial clearance in 
the bearings, and 

Figures 4 and 5 show, diagrammatically, one of the 
40 bearings with and without axial loading. 

As shown in Figure 1 four identical linear actuators 
10-13 are arranged equi-angularly about the axis of a 
gas turbine engine 14, so as to effect axial movement of 
45 a sleeve 1 5 surrounding the jet pipe 1 6 of the engine 1 4. 
The sleeve 1 5 may form part of a thrust reverser system, 
as described in US Patent 3621763, or may form part of 
a variable-area nozzle system. 

The actuators 1 0-1 3 are drivingly coupled, in a man- 
50 ner described below in more detail, by a flexible drive 
device 17 which ensures that the actuators operate in 
unison. Figure 2 shows one end of the linear actuator 1 3 
which has a housing 20 within which an output element 
21 is axially movable by fluid pressure. A rod 22 is jour- 
55 nailed in the housing 20 and is restrained against axial 
movement by means of ball bearings 23, 24. The rod 22 
extends within a bore of the output element 21 and has 
a high efficiency thread 25 which engages a complemen- 
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tary thread in a nut 27 which is secured to the element 
21 . A toothed wheel 28 is secured to the rod 22 for rota- 
tion therewith and engages a worm 29 from which the 
flexible drive 17 extends to a corresponding worm in the 
respective actuators 10,12,13. The actuators are there- 
fore constrained to operate in unison. 

The bearings 23, 24 are single row, radial, 
deep-groove bearings with substantial amounts of diam- 
etral clearance between the balls and the tracks in the 
bearing races. The bearings 23, 24 are thus able to carry 
a substantial axial load. The inner races of the bearings 
23, 24 are located axially of the wheel 18 by respective 
annular elements 30, 31. A packing piece or shim as- 
sembly 32 between the outer race of the bearing 23 and 
the housing 20 is dimensioned to take up axial play in 
the bearings 23, 24 resulting from their diametral clear- 
ance, as shown in Figure 3. The packing piece 32 may 
be dimensioned so that in addition to taking up axial play 
it also applies a pre-load to the bearings 23, 24 which 
results in an initial elastic distortion of the bearing ele- 
ments. It will be seen that the inner races of the bearings 
23, 24 engage projecting abutments on the respective 
elements 30, 31 . The load line L-R shows the line of ac- 
tion of axial loads on the rod 22 and wheel 28, in the left 
and right directions respectively, to parts of the housing 
20 in the absence of axial overload on the rod 22. The 
elements 30, 31 are dimensioned so as to provide gaps 
G (Figure 4) of 0.051 mm to 0.1 27 mm between the outer 
races of the bearings 23, 24 and adjacent faces of the 
elements 30, 31 . In normal operation the torque load on 
the rod 22 and flexible drive 1 7, and the axial load on the 
rod 22 are very small. The axial load path is therefore as 
shown in Figure 3, and to a larger scale in Figure 4. 

If during operation one of the actuators, for example 
the actuator 10, or a part driven thereby, should seize, 
the remaining actuators 11-13 will continue to move 
against the torsional stiffness of the flexible drive 1 7. The 
torque in the drive 17 will be reacted at the seized actu- 
ator 10 and will be the sum of the torques from the un- 
seized actuators, and therefore considerably higher than 
that during normal operation. Considering the effect on 
actuator 13, the increased torque in the drive 17 will re- 
sult in the rod 22 being urged by the output element 21 
in the selected direction of movement of the latter. If that 
movement was to the right as viewed in Figure 2, the 
inner race of the bearing 24 will be urged rightwards, as 
shown in Figure 5, resulting in elastic deformation of the 
bearing 24 until the element 31 engages the outer race 
of that bearing to apply a braking torque to the rod 22. A 
substantial proportion of the torque which would other- 
wise be applied by the rod 22 to the flexible drive 17 is 
thereby absorbed by this braking torque. 

Preferably the bearings 23, 24 are subjected to an 
axial pre-load by means of the shim assembly 32, and 
the level of braking torque obtained thereby increased. 
The shim assembly 32 and the axial dimensions of the 
elements 30, 31 may be varied as required to provide a 
desired pre-load. 



The above effect is also obtained within the actua- 
tors 1 1 and 1 2, so that the total torque applied to the flex- 
ible drive 17 is greatly reduced, and the cross section 
thereof may be reduced, with a consequent weight sav- 
5 ing. 

It will be understood that though the invention has 
been described in detail with reference to a system for 
axial movement of a sleeve on a gas turbine engine, it is 
equally applicable to any arrangement in which a critical 

10 axial load is required to result in application of braking 
torque to a rotatable shaft. 

Each of the bearings 23,24 is such that the inner 
race has a greater axial dimension than the outer race, 
that an axial backlash of 0.023 mm exists between the 

15 inner and outer races, and that with a maximum amount 
of displacement to take up that backlash, projection of 
an end of the inner race which results from the aforesaid 
displacement will not exceed 0.30 mm. Additionally, the 
materials of each bearing 23,24 are such that after the 

20 aforesaid backlash has been taken up, its subseqent 
elastic axial deformation under an axial load of 4.5 New- 
tons will be at least 0.1 3 mm. 



25 Claims 

1 . A device for applying a braking torque to a shaft (22) 
in response to a predetermined level of axial load on 
said shaft (22), comprising a housing (20), a sin- 

30 gle-row, deep-groove, radial ball bearing (23) whose 
inner race is fixed to said shaft (22) and whose outer 
race engages said housing (20), said bearing having 
a diametral clearance which will permit an axial dis- 
placement between its inner and outer races, said 

55 housing (20) having an abutment face which main- 
tains the outer race of said bearing in an initial posi- 
tion which is axially displaced relative to the inner 
race by an amount which is at least sufficient to take 
up axial play resulting from said diametral clearance, 

40 characterised by an abutment element (30) which is 
axially fixed with respect to said inner race and can 
coact with a fixed part on said housing (20) as a 
result of increase of said axial displacement of said 
inner race. 

45 

2. A device as claimed in claim 1 in which said abut- 
ment element (30) can coact with said fixed part on 
the housing by way of said outer race. 

50 3. a device as claimed in claim 1 or claim 2 in which 
said axial displacement is sufficient to preload said 
bearing so as to result in elastic distortion thereof. 

4. A device as claimed in claim 1 which includes first 
55 and second ones (23,24) of said bearings, the inner 
races of said bearings (23,24) being mounted on 
said shaft (22) at a fixed axial spacing and the outer 
races of said bearings (23,24) being located with 
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respect to said housing (20), said housing (20) hav- 
ing two abutment faces which maintain said outer 
races in initial positions which are axially displaced 
in respective opposite directions relative to their 
respective inner races by amounts which are at least s 
sufficient to take up axial play resulting from said 
diametral clearances, and first and second abut- 
ment elements (30,31) which are fixed relative to 
respective ones of said inner races and can respec- 
tively coact with fixed parts on said housing (20) as to 
a result of increase of axial displacement of respec- 
tive ones of said inner races from their intitial posi- 
tions. 

5. A device as claimed in claim 4 in which said axial is 
displacements are sufficient to preload said bear- 
ings (23,24) so as to result in elastic distortion 
thereof. 



Richtungen relativ zu ihren entsprechenden Innen- 
ringen um Betrage axial versetzt sind, die zumindest 
zur Aufnahme des sich aus den Lagerspielen erge- 
benden Axialspiels ausreicht, und mit ersten und 
zweiten Anlageelementen (30, 31 ), die relativ zu den 
jeweiligen Innenringen befestigt sind und jeweils mit 
festen Teilen des Gehauses (20) zusammenwirken 
konnen infolge der Zunahme der Axialverschiebung 
der entsprechenden Innenringe aus deren Aus- 
gangsstellung. 

5. Vorrichtung nach Anspruch 4, bei der die Axialver- 
schiebungen zur Vorspannung der Lager (23, 24) 
ausreichen, so daB sich deren elastische Verfor- 
mung ergibt. 

Revendi cat ions 



Patentanspruche 

1. Vorrichtung zum Aufbringen eines Bremsmoments 
auf eine Welle (22) bei einer vorgegebenen GroBe 
einer Axial-last an der Welle (22), mit einem 
Gehause (20), einem einreihigen Radial-Rillenku- 
gellager (23), dessen Innenring an der Welle (22) 
befestigt ist und dessen AuBenring in das Gehause 
(20) eingreift, wobei das Lager ein Lagerspiel auf- 
weist, das eine Axialverschiebung zwischen seinem 
Innen- und AuBenring ermoglicht, und wobei das 
Gehause (20) eine Anlageflache aufweist, die den 
AuBenring des Lagers in einer Ausgangsstellung 
halt, die relativ zum Innenring um einen Betrag axial 
versetzt ist, der zumindest zur Aufnahme des sich 
aus dem Lagerspiel ergebenden Axialspiels aus- 
reicht, gekennzeichnet durch 

ein Anlageelement (30), das in bezugauf den Innen- 
ring axial fixiert ist und mit einem festen Teil des 
Gehauses (20) infolge der Zunahme der Axialver- 
schiebung des Innenrings zusammenwirken kann. 

2. Vorrichtung nach Anspruch 1, bei der das Anlage- 
element (30) mit dem festen Teil des Gehauses uber 
den AuBenring zusammenwirken kann. 

3. Vorrichtung nach Anspruch 1 oder 2, bei der die Axi- 
alverschiebung zur Vorspannung des Lagers aus- 
reicht, so daB sich dessen elastische Veriormung 
ergibt. 

4. Vorrichtung nach Anspruch 1 mit ersten und zweiten 
(23, 24) solcher Lager, deren Innenringe an der 
Welle (22) mit einem festen Abstand und deren 
AuBenringe an dem Gehause (20) angeordnet sind, 
wobei das Gehause (20) zwei Anlageflachen auf- 
weist, welche die AuBenringe in ihren Ausgangsstel- 
lungen halten, die in jeweils entgegengesetzten 



20 1. Dispositif pour appliquer un couple de freinage a un 
arbre (22) en reponse a un niveau predetermine 
d'une charge axiale sur ledit arbre (22), dispositif 
comprenant un logement (20), un roulement a billes 
de type radial, a une seule rangee de billes et a 

25 gorge profonde (23), dont la bague de roulement 
interieure est fixee audit arbre (22) et dont la bague 
de roulement exterieure est encastree dans ledit 
logement (20), ledit roulement a billes ayant un jeu 
diametral qui permettra un deplacement axial entre 

30 ses bagues de roulement exterieure et interieure, 
ledit logement (20) ayant une face de butee qui 
maintient la bague de roulement exterieure dudit 
roulement a billes dans une position initiate, qui est 
axialement deplacee par rapport a la bague de rou- 

55 lement interieure d'une grandeur qui est au moins 
suffisante pour rattraper le jeu axial resultant dudit 
jeu diametral, caracterise par un element de butee 
(30) qui est stationnaire axialement par rapport a 
ladite bague de roulement interieure et qui peut coo- 

40 perer avec une partie fixe sur ledit logement (20) par 
suite d'un accroissement dudit deplacement axial de 
ladite bague de roulement interieure. 

2. Dispositif tel que revendique par la revendication 1 , 
45 dans lequel ledit element de butee (30) peut coope- 

rer avec ladite partie fixe sur le logement par I'inter- 
mediaire de ladite bague de roulement exterieure. 

3. Dispositif tel que revendique par la revendication 1 
50 ou la revendication 2, dans lequel ledit deplacement 

axial est suffisant pour mettre sous precontrainte 
ledit roulement a billes de maniere a aboutir a une 
distorsion elastique de celui-ci. 

55 4. Dispositif tel que revendique par la revendication 1 , 
qui inclut un premier et un deuxieme (23, 24) des 
susdits roulements a billes, les bagues de roulement 
interieures desdits roulements a billes (23, 24) etant 
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montees sur ledit arbre (22) avec un espacement 
axial fixe et les bagues de roulement exterieures 
desdits roulements a billes (23, 24) etant encastrees 
dans ledit logement (20), ledit logement (20) etant 
pourvu de deuxfaces de butee qui maintiennent les- s 
dites bagues de roulement exterieures dans des 
positions initiales, qui sont axialement deplacees 
dans des directions respectives opposees par rap- 
port a leurs bagues de roulement interieures respec- 
tives dans des proportions au moins suffisantes to 
pour rattraper le jeu axial resultant desdits jeux dia- 
metraux, ainsi que d'un premier et d'un deuxieme 
element de butee (30, 31 ), qui sont stationnaires par 
rapport a des bagues de roulement respectives 
parmi ces bagues de roulement interieures et peu- is 
vent respectivement cooperer avec des parties fixes 
sur ledit logement (20) par suite d'un accroissement 
du deplacement axial des bagues de roulement res- 
pectives parmi ces bagues de roulement interieures 
a partir de leurs positions initiales. 20 

Dispositif tel que revendique par la revendication 4, 
dans lequel lesdits deplacements axiaux sont suffi- 
sants pour mettre sous precontrainte lesdits roule- 
ments a billes (23, 24), de maniere a aboutir a une 25 
distorsion elastique de ceux-ci. 
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FIG. I. 
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